Objective: The objective of this study was to evaluate the effectiveness of a training program for hearing-impaired listeners to improve their speech-recognition performance within a background noise when listening to amplified speech. Both noisemasked young normal-hearing listeners, used to model the performance of elderly hearing-impaired listeners, and a group of elderly hearing-impaired listeners participated in the study. Of particular interest was whether training on an isolated word list presented by a standardized talker can generalize to everyday speech communication across novel talkers.
Results: Both young normal-hearing and older hearing-impaired listeners performed significantly better on the word list in which they were trained versus a second untrained list presented by the same talker. Improvements on the untrained words were small but significant, indicating some generalization to novel words. The large increase in performance on the trained words, however, was maintained across novel talkers, pointing to the listener's greater focus on lexical memorization of the words rather than a focus on talker-specific acoustic characteristics. On return in 6 mo, listeners performed significantly better on the trained words relative to their initial baseline performance. Although the listeners performed significantly better on trained versus untrained words in isolation, once the trained words were embedded in sentences, no improvement in recognition over untrained words within the same sentences was shown.
Conclusions:
Older hearing-impaired listeners were able to significantly improve their word-recognition abilities through training with one talker and to the same degree as young normal-hearing listeners. The improved performance was maintained across talkers and across time. This might imply that training a listener using a standardized list and talker may still provide benefit when these same words are presented by novel talkers outside the clinic. However, training on isolated words was not sufficient to transfer to fluent speech for the specific sentence materials used within this study. Further investigation is needed regarding approaches to improve a hearing aid user's speech understanding in everyday communication situations. (Ear & Hearing 2006; 27; 263-278) Elderly hearing-impaired listeners often have difficulty understanding speech within a background noise, even with amplification. These deficiencies may be due in part to peripheral physiological problems accompanying the sensorineural hearing loss (i.e., reduced frequency selectivity or temporal resolution), decreases in central or cognitive abilities associated with aging, or some combination of these factors (Humes, 1996) . Although hearing aids have been shown to increase speech understanding for elderly hearing-impaired listeners (Humes, Christensen, Bess, & Hedley-Williams, 1997; Humes et al., 1999; Humes, Garner, Wilson, & Barlow, 2001; Larson et al., 2000) , the associated benefit is often not what might be expected, given the increased audibility of the signal (Humes, 2002) .
Is it realistic to expect older hearing aid wearers, especially new ones, to immediately perform as well as they should, given the improved acoustics provided by the hearing aids? On average, for example, the length of time from the initial signs of hearing loss to the point at which help is sought is commonly 5 to 10 yr (Brooks, 1979; Smedley, 1990) . Therefore, a new hearing aid user may not make optimal use of auditory information made audible by a new prosthetic device as a consequence of central or cognitive changes brought about by an impoverished acoustic input for many years. Although the audibility of a speech signal can typically be restored to a sufficient degree immediately, the listener may need time to learn to interpret the newly restored information. This issue of training, or in essence retraining, the hearing aid user is generally overlooked within the hearing aid evaluation and rehabilitative processes. As will be discussed, training an individual with amplified speech may be needed to optimize the benefits from a hearing aid.
The predominant factor contributing to an older hearing-impaired listener's difficulties with speech recognition is the audibility of the speech signal (Humes, 1996) . However, audibility alone may not account for all of a listener's difficulties, particularly in the case of a long-standing hearing loss in which the listener has not been exposed to many of the auditory cues present within the speech signal for many years. Prolonged high-frequency hearing loss might predictably influence the listener's ability to make use of any newly restored high-frequency information on the introduction of a hearing aid (e.g., Amos & Humes, 2001) . A period of relearning might be needed as the user is exposed to new auditory information. There is not strong support for most older hearing aid wearers' ability to spontaneously learn to make use of the new information over time. This has generally been referred to in the audiology literature as acclimatization of hearing aid benefit (Cox & Alexander, 1992; Gatehouse, 1992) . The consensus appears to be that such acclimatization effects are either small or nonexistent, at least for study periods of up to 3 yr (e.g., Humes & Wilson, 2003; Humes, Wilson, Barlow, Garner, & Amos, 2002; Turner, Humes, Bentler, & Cox, 1996) . Acclimatization, however, typically is a concept reserved for cases of spontaneous or self-taught improvements in speech understanding with increasing amounts of hearing aid usage. Training or aural rehabilitation programs, on the other hand, are designed to facilitate improvements in aided speech communication through a formal program. There has been some evidence that such training can be effective in listeners with high-frequency sensorineural hearing loss like that found in most older adults (Walden, Erdman, Montgomery, Schwartz, & Prosek, 1981) .
The training regimen of Walden et al. (1981) is generally representative of so-called analytic auditory training programs (Blamey & Alcantara, 1994) . In such programs, listeners are trained first to discriminate subtle differences in syllabic stimuli, with minimal contrasts, such as /of/ and /os/. Listeners may eventually proceed to training in the identification or recognition of such low-contrast stimuli.
On the other end of the auditory training continuum are those approaches often identified as synthetic approaches (Blamey & Alcantara, 1994) . In the synthetic approach, high-context materials are used and the listener is trained to make use of this context to better reconstruct the message from the fragments perceived.
Word-based auditory training would appear to lie somewhere between these two extremes. Words clearly have more context, even in isolation, than nonsense syllables. Yet, misperception of a single phoneme comprising the target words can result in incorrect identification or classification, just as with nonsense syllables. The present study sought to examine an approach to word-based auditory training in elderly hearing-impaired adults listening to amplified speech. Moreover, the focus here was an attempt to improve the speech communication of the listeners in the presence of background noise.
EXPERIMENT 1
Answers to two questions were necessary before examining the benefit of word-based auditory training on everyday speech communication, typically taking place in a background of noise or competing speech, in older hearing-impaired adults. First, can young normal-hearing listeners improve their wordrecognition abilities for words presented in a background of noise? To address this question, baseline open-and closed-response performance were measured both pre-and posttraining for two sets of words. Both sets of words were spoken by the same talker, with the listeners only receiving training on one set. This allowed for a direct comparison of preand posttraining performance for a trained versus untrained list of words presented by the same talker under identical listening conditions. Second, does training, if observed, generalize to those same trained words presented by novel talkers? Of key importance is whether any improved performance for the trained list is due to the listeners' memorization of the lexical representation of the words themselves or whether they were learning the talking style or acoustic characteristics when that word was spoken by the trained talker. The use of both a second set of untrained words spoken by the same talker, as well as the trained words spoken by novel talkers, allowed this distinction to be examined. If the listeners were learning or focusing on cues specific to the talker, they might predictably perform better on a new untrained list presented by that same talker relative to novel talkers. This might inhibit any possible generalization to novel talkers, making training with a single standardized talker unrealistic if improvements in everyday com-
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EAR & HEARING / JUNE 2006 munication are the goal. However, if the learning affected the lexical representation of the words themselves, improvements in word-recognition abilities may also be evident when the same words are presented by new talkers (including those outside the clinic). Therefore, the main focus of Experiment 1 was to examine the effect of word-based auditory training on word-recognition abilities within a background noise both across words and across talkers for young normal-hearing listeners.
METHODS

Participants
A group of six male and ten female young normalhearing (YNH) listeners (20 to 30 yr of age, mean ϭ 23.6 yr) participated in the study. Listeners were recruited through general postings and e-mails within the Department of Speech and Hearing Sciences at Indiana University, Bloomington. All listeners passed an air-conduction screening at 20 dB HL (American National Standards Institute, 1996) at octave intervals from 250 through 8000 Hz. Listeners were paid $10 per session as well as a $35 completion bonus on collection of all data. During the training aspect of the study, listeners received a bonus of $3 for each training block in which their score was higher than their initial closed-set baseline performance, for a possible bonus of $12 per session during training. Subjects were not informed of this incentive until after the baseline measures were completed.
Stimuli
The monosyllabic words used in this study were AB words (Boothroyd, 1995 (Boothroyd, , 1999 , as recorded on the Q/Mass Speech Audiology, Volume 2 compact disc (Massachusetts Eye and Ear Infirmary, 1991) . The compact disc contained 15, 10-item isophonemic word lists of four different talkers, two women (F1 and F2) and two men (M1 and M2), yielding the same 150 words for each individual talker. This set of 150 words was then divided in half (words 1 to 75 and words 76 to 150) to create Set A and Set B lists, respectively, for each talker. The original presentations from the compact disc were converted to digital wave files and the monosyllabic words were extracted from the carrier phrase to create individual wave files for each word. The final result was digitized recordings of the individual Set A and Set B words for each of the four different talkers, or a total of 600 files. The 600 wave files were then equated for average RMS using Cool Edit Pro (Syntrillium, Version 1.2a) software. Set A, spoken by Female Talker 1 (F1), was used for all training, as well as, pre-and posttraining conditions. Set B words were also administered pre-and posttraining; however, listeners were not trained by using this set of words. Set A, henceforth, will be considered the trained words, whereas Set B will be considered the untrained words.
The background noise presented during all test conditions was extracted from the Computer-Assisted Speech Perception Assessment (CASPA) software (Boothroyd, 1999) , Version 2.2. This background noise was selected because it was shaped to match the long-term spectrum of the first 50 words of the AB word-recognition materials.
All testing took place with the use of insert earphones (ER-3A, Etymotic Research) in a doublewalled sound-treated room (Industrial Acoustics Company) that met or exceeded ANSI guidelines for permissible ambient noise (American National Standards Institute, 1999) . The listeners were seated in front of a computer monitor to receive feedback during training and used a mouse to select appropriate responses. The stimulus wave files were presented digitally (16-bit D/A, 44.1 kHz sampling rate) via Matlab (The MathWorks, Version 6.5) running Tucker Davis Technologies (TDT) System-II equipment. Channel 1 (speech) and channel 2 (noise) were low-pass-filtered at 10 kHz (TDT FT5) and summed together (TDT SM3) for presentation to the right ear only. The left ear was occluded during testing with the left insert earphone. Levels were adjusted using an amplifier (Crown D-75) and a headphone buffer (TDT HB6) to produce an overall level of 83 dB SPL for the speech and noise channels as measured in an HA-2 2-cm 3 coupler. An overall speech-to-noise ratio (SNR) of 0 dB was used for all test conditions in this experiment.
Procedure
Listeners took part in seven, 60-minute sessions over approximately a 2-week period. No more than one session per day was allowed with a maximum time between sessions of 3 days (generally over a weekend). The specific conditions administered in each session are described in Table  1 . For the open-set conditions, the listeners wrote their responses on an answer sheet, whereas for the closed-set conditions, all 75 words were presented alphabetically in list form on the computer screen from which the listener selected the appropriate answer with the computer's mouse. Presentation order was randomized for each listener and block of trials during the closed-set testing and training. However, during the open-set blocks, a single randomized order was used across all subjects. Although this previously generated random order was later repeated while examining posttraining open-set performance (in Session 5), it was after several other truly random closed-set presentations. Within Session 1, a short practice condition containing 10 items was presented before baseline closed-set testing to familiarize the listeners with the computerized task. Sessions 2 through 5 consisted of training for the Set A list spoken by F1. In addition, Session 5 also included posttraining measures of performance for both the trained (Set A) and untrained (Set B) lists spoken by F1. During training, the listeners were informed whether each response was correct or incorrect and, on an incorrect response, were given the correct answer orthographically. No auditory feedback was provided. Sessions 6 and 7 examined the ability to generalize training to several novel talkers (F2, M1, and M2) speaking both the trained and untrained words. Half of the listeners received the Set A and Set B words spoken by the novel talkers in a closed-set condition in the posttraining sessions, whereas the other half received the same materials in an open-set condition during the posttraining sessions. All sessions were self-paced by the participants, requiring a key press to move on to the next presentation. Figure 1 presents the individual (top) and group (bottom) percent correct scores from the pretraining (far left) through post-train sessions. As can be seen from the mean data represented by the unfilled circles in Figure 1 (lower panel), listeners steadily improved from an average score of 73.8% on their first block of training to 86.6% on their last block of training. Before statistical analysis, all percent correct scores were transformed into rationalized arcsine units (RAUs; Studebaker, 1985) to stabilize the error variance. The main effect of training blocks on word-recognition performance was significant (F(15,225) ϭ 17.14, p Ͻ 0.001), as indicated by a general linear model repeated-measures analysis. Post hoc paired sample t-tests, using a Bonferroni adjustment for multiple comparisons, were then computed as needed, with all significant differences designated at the p Ͻ 0.05 level. Performance on 13 of the 14 training blocks (Training Block 2 through Training Block 14) was significantly better than the listeners' initial baseline closed-set performance (left filled circle). However, if one uses the initial training block as the baseline, performance did not improve significantly until the completion of the sixth block of trials. At this point, which consisted of Figure 1 . Although performance appeared to steadily improve through the last training session, the overall improvement per hour of training slowed. The rate of improvement decreased from a mean of 5.9% per hour after the first hour of training, to an improvement of 4.3% per hour for the second hour, to only about 0.5% per hour after that. Therefore, it might be reasonable to halt training after 2 hr (8 blocks of training trials), in turn causing only a small decrease in final performance while reducing the total amount of training time needed. Figure 2 provides mean word-recognition scores for open-set and closed-set response formats for both the trained and untrained words. Paired-sample t-tests were calculated for all pretraining and posttraining word-recognition scores to examine the differences between trained and untrained words, with all significant differences designated at the p Ͻ 0.05 level. Before training, there were no significant differences between the Set A and Set B words in either the open-set (32.7% and 35.7%) or closed-set response formats (69.4% and 70.4%). Open-and closed-set performance improved significantly after training for both the trained and untrained words. Although there was a significant improvement in word-recognition scores after training for both sets of words, the magnitude of the differences were small for the untrained words relative to the trained words. The improvement in open-set performance after training, for example, was 52.5% for the trained words compared with 11.1% for the untrained words. This same trend held true for the closed-set test conditions as well, with improvements of 16.7% for the trained words versus 9.2% for the untrained words. Figure 3 shows individual performance for the 8 listeners in which the talker-generalization tasks were done using the closed-set response format. Analysis of the data in the left panel of Figure 3 indicated there were no significant differences between the trained list of words spoken by F1 (87.7%) and the same list spoken by the novel talkers (88.7%, 89.8%, and 86.8% for F2, M1, and M2, respectively). For the closed-set scores on untrained words ( Figure 3 , right panel), the score for F1 (80.2%) was significantly lower than that for M2 (88.8%). No other differences between talkers were significant. If improved performance from training was talker specific, listeners would be expected to perform better on a list presented by F1 relative to the other three talkers, whether trained or otherwise. This was not the case for either set of words.
RESULTS AND DISCUSSION
For the data obtained in the closed-set response format described above (Figure 3 ), ceiling effects may have prevented the occurrence of talker-specific differences, given the high levels of performance for all subjects when using this response format. Performance for the other eight listeners, however, was assessed by using an open-set response format. Results for this group of eight subjects are shown in Figure 4 . As can be seen, the trends are the same as was previously shown for the closed-set group. That is, there was no significant difference in performance between talker F1 (80.2%) and the novel talkers for the trained words (80.3%, 84.2%, and 84.3% for F2, M1, and M2, respectively; see left panel of Figure 4 ). Further, performance for the untrained words (right panel) was no higher for the trained talker (F1; 47.3%) than the novel talkers speaking those same words (52.8%, 60.7%, and 62.2% for F2, M1, and M2, respectively). In fact, performance for the trained talker was significantly lower than that for each of the untrained talkers in this condition.
In this experiment, the YNH listeners were able to significantly improve their open-and closed-set word-recognition performance through training. This improved performance generalized to novel speakers using both an open-and closed-set response format, implying that training a listener by using a standardized list and talker may still provide benefit when these same words are presented by novel talkers in other contexts, including outside the laboratory or clinic. The larger increase in openset performance for the trained lists versus the untrained list spoken by the same talker would initially point to a more lexically based representation of the words rather than learning of specific talker characteristics. Memorization of the lexical representation of spoken words would not rule out the use of similar training techniques as a rehabilitative procedure. It would, however, make the choice of training words much more important. One could, for example, choose a restricted set of difficult to recognize, but frequently occurring words for training; words referred to as "hard words" in the lexical neighborhood theory (Luce & Pisoni, 1998) . Further, it might be appropriate to assess errors for a standardized list of frequently occurring words and use these results to individually tailor subsequent training. However, before developing more specific word lists, the ability to replicate the preceding study in older hearing-impaired listeners using amplification required investigation. 
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EXPERIMENT 2
As was shown, YNH listeners can improve their word-recognition performance in a background of speech-shaped noise through training. Although the training was effective, the same may not hold true for older hearing-impaired (OHI) listeners. Therefore, Experiment 2 examined the potential benefit of training for an OHI population. With the exception of the presentation levels, the procedures were identical to Experiment 1.
METHODS Participants
Seven OHI listeners (65 to 75 yr of age, mean ϭ 69.6 yr) with mild-to-moderate bilateral sensorineural hearing loss participated in this study. The group consisted of three men and four women. Mean pure-tone air-conduction thresholds are shown in Figure 5 . The hearing-impaired listeners were recruited from a large-scale study within the Department of Speech and Hearing Sciences at Indiana University, Bloomington. At the time of the study, none of the listeners were regular hearing aid users. Listeners were paid at the same rate per session and received the same bonuses as described in Experiment 1.
Presentation Levels and Filter Design
To ensure audibility of the test materials for the hearing-impaired listeners, levels of the unshaped speech signal (overall level ϭ 67.4 dB SPL) were adjusted by using a quasi-DSL (Seewald, Hudson, Gagne, & Zelisko, 1992) approach, in which the RMS spectrum of the test materials would be at least 10 dB above the listener's hearing thresholds, from 200 to 4000 Hz. Each listener's hearing thresholds in dB SPL for one-third-octave bands from 200 to 4000 Hz were compared with the corresponding one-thirdoctave bands from the long-term average speech spectrum for the AB words. If the speech signal was at least 10 dB above the hearing threshold, no gain was provided. When the signal fell below the listener's hearing threshold for a particular one-thirdoctave band, the appropriate gain for a 10 dB SL signal was applied. Figure 6 shows a representative amplified speech level based on the average hearing impairment of the seven listeners. The selection of mild to moderately impaired listeners for this study resulted in minimal gain at most frequencies except 4000 Hz, where approximately 20 dB of gain was needed. Individual digital filters created for each hearing-impaired listener were accomplished using a software based digital programmable filter (TDT PF1). The experimental design, which required audibility (Ն10 dB SL) of the speech signal through 4000 Hz, together with the maximum available output of the stimulus presentation system, limited the maximum degree of hearing loss for the participants to moderate levels. Based on pilot testing, the speech signal for the OHI listeners was presented at a more advantageous SNR (ϩ5 dB) to eliminate floor effects and perceptually equate performance with the YNH listeners from Experiment 1. Figure 7 shows individual (top panel) and mean (bottom panel) word-recognition scores from pre- training (far left), through training, to posttraining (far right) for the OHI listeners. The main effect of training session on word-recognition performance (in RAUs) was significant (F(15, 90) ϭ 5.81, p Ͻ 0.001). As shown in Figure 7 , the mean data (bottom panel) show that improvement was relatively stable at the end of 10 training blocks when compared with performance for the first training block, as indicated by the asterisks. The percent improvement per hour of training did not decrease to a negligible amount (0.4% per hour) until the last hour of training. The rate of learning did diminish over time, however, from 7.6% per hour for the first hour to 3% and 1.9% per hour for the second and third hours of training, respectively. Figure 8 compares pretraining and posttraining word-recognition scores for both trained (Set A) and untrained (Set B) words, in open-and closed-set response formats. Separate paired-sample t-tests were calculated for all pretraining and posttraining word-recognition scores to examine differences between the trained and untrained words. There was no significant difference (p Ͼ 0.05) between the Set A and Set B words in either the open-or closed-set conditions before training. Open-set word-recognition performance improved significantly from 38.3 to 83.6% after training for the trained words (t ϭ Ϫ18.8, df ϭ 6, p Ͻ 0.001) and from 44.0 to 50.9% for the untrained words (t ϭ -2.98, df ϭ 6, p Ͻ 0.05). However, the degree of improvement was small for the untrained words (6.9%) compared with the trained words (45.3%). For the closed-set conditions, the improvement on the trained words of 11.0% (72.4 to 83.4%) was significant (t ϭ Ϫ3.94, df ϭ 6, p Ͻ 0.05), whereas the 5.3% improvement for the untrained words (77.0 to 82.3%) was not (t ϭ Ϫ2.12. df ϭ 6, p Ͼ 0.05).
RESULTS AND DISCUSSION
Individual differences were examined by using RAU-based 95% CD (14.8 RAU); four of the seven subjects showed significantly higher scores than baseline on a consistent basis by the second block of session 3, or approximately 1.5 hr of training. When examining the individual data, it was generally the case that if initial baseline scores were less than approximately 75 RAU, scores tended to improve significantly with training (three of four such sub- 
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EAR & HEARING / JUNE 2006 jects), but if initial scores were greater than this, significant improvements were not observed (only one of three such subjects). Still, all seven subjects showed significant improvements from initial to final open-set scores. For the OHI listeners, the generalization was examined only for the closed-set response format. As previously shown in Experiment 1 for the YNH listeners, the inclusion of the open-set generalization tasks yielded a very similar pattern of results to the closed-set conditions but at lower overall levels of performance. Figure 9 shows the individual posttraining wordrecognition scores for trained words (left panel) and untrained words (right panel) spoken by each of the four talkers (F1, F2, M1, M2 ). For comparison, the pretest scores for talker F1 also appear in each panel. For the trained words, there were no significant differences between the trained talker (F1; 83.4%) and the three novel talkers (89.1%, 86.9%, and 87.6% for F2, M1, and M2, respectively). For the untrained words, there was no advantage associated with words presented by the talker used in training. In fact, word-recognition performance on the list of untrained words spoken by Female Talker 1 (82.3%) was significantly lower (p Ͻ 0.05) than the words spoken by both male talkers (88.0% and 92.2%).
The goal of this experiment was to examine whether the older listeners with hearing impairment could improve their performance with wordbased auditory training in a manner similar to that of the YNH listeners. The word-recognition performance of the OHI listeners using amplified speech presented at a more favorable SNR (ϩ5 dB) followed the same trend during training as the YNH listeners (at 0 dB SNR). That is, the OHI listeners were able to significantly improve their open-and closed-set word-recognition performance through training. The OHI listeners, however, needed more training time to achieve significant improvements in performance when compared with the YNH listeners. Whether the need for greater training time was due to the hearing impairment, reduced cognitive abilities associated with aging, or both, remains to be seen. Nonetheless, the preceding training protocol seems effective at improving word-recognition abilities in noise, not only for the talker used in training but for novel talkers as well. That is, in this training protocol, the improved performance tended to be word-specific rather than talker-specific and appears to be lexically based. However, if a training protocol is to benefit a patient in everyday communication situations, the ability to retain what has been learned and to generalize it to these same words used in running speech is paramount. These issues were addressed in the next experiment.
EXPERIMENT 3
As shown in Experiment 2, OHI listeners can benefit from training to improve their word-recognition performance in noise. As was the case with the YNH listeners, improvements for the OHI listeners were not restricted to talker F1 but generalized to novel male and female talkers speaking the same words. However, improved performance on isolated words does not necessarily indicate improved performance for more everyday stimuli (such as sentences). The key issue of any training procedure would be its effect or benefit outside the laboratory or clinic with conversational speech. Another relevant aspect of the evaluation of a training program is the listener's ability to retain the benefits of training over an extended period of time. Therefore, Experiment 3 examined the OHI listeners' retention of the trained words over time, as well as their ability to transfer this training to those same words embedded within sentences.
METHODS
Participants
Five of the seven OHI listeners (68 to 75 yr of age, mean ϭ 71 yr) returned approximately 6 mo after completion of Experiment 2 for further testing. This group consisted of two men and three women. Listeners once again received the same pay rate per session including bonuses as described in Experi- ment 1. A second group of nine YNH listeners (21 to 33 yr of age, mean ϭ 25.3 yr) was recruited to collect initial pilot data for the second aspect of the experiment involving the generalization of training to sentences, as described below. The YNH listeners completed data collection in one 60-minute session in which they were paid $10.00.
Stimuli
The stimuli for the third experiment consisted of both words (AB words as described in Experiments 1 and 2) and sentences. The sentence stimuli were drawn from the TIMIT database (Garofolo et al., 1993) . The goal was to find prerecorded sentences that contained a trained word (one from the Set A words) as well as separate sentences that contained a word from the Set B or untrained words. The sentences from the TIMIT database were chosen according to the following criteria: (1) sentences spoken by speakers of North Midland dialect; (2) sentence length of 12 words or less to minimize memory demands; (3) as many male talkers as female talkers; and (4) balancing the location of the trained word within the sentence across the set of sentences (i.e., first third, middle, or last third of sentence). This selection process initially yielded 50 TIMIT sentences for Set A words (Sentence Set A) and 41 TIMIT sentences for Set B words (Sentence Set B).
Each sentence in Sentence Set A contained a trained word from the Set A words used in Experiments 1 and 2 and an untrained control word, excluding articles (chosen arbitrarily), allowing for an examination within each sentence of enhanced recognition of trained versus untrained words. The sentences for Sentence Set B contained a word from the untrained Set B word list used in the prior two experiments as well as a second untrained control word. Although listeners were not intentionally trained on the Set B words, by the time the sentences were presented, the word list had been repeated several times during the generalization tasks of Experiment 2. Further, there were some small but significant training effects for Set B (untrained) words in the prior experiments. Because some training may have occurred for the Set B words by the end of Experiment 2, the inclusion of these sentences allowed for an extra set of control conditions.
The sentences were designed to permit comparisons of performance for trained words to untrained control words. An assumption was that the words selected in each sentence were equally intelligible without training. Pilot data were collected from the untrained YNH listeners to establish the equivalency of the Set A/Set B and control words in each sentence. Those sentences that yielded differences in mean keyword scores for Set A/Set B and control words exceeding 1 standard deviation (of the Set A/Set B word score) were eliminated. That is, sentences were eliminated if Set A and Set B words were either easier or harder to identify than the corresponding control words in the same sentences. Collection of pilot data using the YNH listeners further reduced Sentence Set A to 33 sentences and the Sentence Set B to 25 sentences. Despite the desire to have an equal number of talkers from each sex, in the end, sentence Set A was spoken by 20 men and 13 women, and Sentence Set B contained sentences spoken by 16 men and 9 women.
The selected sentences were converted to wave files, at which point they were matched for average RMS amplitude (Ϯ1 dB), using Cool Edit Pro software. The sentences were then recorded to channel 1 of a compact disc with the overall presentation level of the compact disc approximating (Ϯ3 dB) that used for the AB words in Experiment 2. A new speechshaped noise was created to match (Ϯ1 dB) the long-term average spectrum of all the sentences concatenated together. This spectrum matching of speech and competition was also accomplished using Cool Edit Pro. This speech-shaped noise was also matched in overall level to the speech-shaped noise used in Experiment 2 and recorded to the second channel of the compact disc. The background noise began 1 second (500-msec fall-time) before the onset of the sentence and ended 1 second (500-msec falltime) after sentence completion.
Presentation Levels
Both the AB words and the sentences received spectral shaping of the speech sounds to ensure audibility for the OHI listeners as described in Experiment 2. The same individually programmed filters were used, once again making use of an unshaped (unaided) speech level of 67.4 dB SPL and quasi-DSL gain, as measured in an HA-2 2-cm 3 coupler for both the words and the sentences. Based on the pilot data collection for the TIMIT sentences, the background noise was adjusted to SNR values of 0 dB and ϩ5 dB for the OHI listeners. The sentences presented to the YNH listeners during pilot data collection were unshaped, low-pass-filtered at 10 kHz, and had an overall level of 81 dB SPL. The background noise for the YNH listeners was adjusted to SNR values of -5 dB and 0 dB. of the experiment were once again identical to Experiment 2. After the baseline word-recognitions scores were recorded, the number of training sessions for each OHI listener was dependent on the training necessary to raise their performance to within the 95% critical difference (Thornton & Raffin, 1978) of their posttraining scores from Experiment 2. An open-and closed-set presentation of the trained words by F1 at the end of Session 2 showed all five OHI listeners meeting this criterion at that time. During Session 3, Sentence Set A and Sentence Set B were presented at 0 dB SNR for the first three OHI listeners and ϩ5 dB SNR for the remaining two OHI listeners. Pilot data suggested that an SNR of 0 dB would be appropriate to avoid ceiling and floor effects and approximate the performance of the YNH at a -5 dB SNR. However, when the first three OHI listeners failed to demonstrate transfer to sentences, as described below, it was decided that those remaining subjects would be tested at the same SNR as used in Experiment 2. Both sentence sets were administered twice within the same session. Once again, the sentences were presented to the right ear through the same equipment used for the word presentation. After presentation of each sentence, the listener repeated the sentence to the experimenter. They were told to repeat back any word they heard even if they could not repeat the whole sentence. The experimenter, seated next to the subject in the sound booth, recorded the correct identification of the target word (the word from Sentence Set A or B) and the untrained control word within each sentence. There was a 6-second response interval between each sentence. Figure 10 shows mean open-set word-recognition scores for the OHI listeners on the trained and untrained lists at pretraining, immediate posttraining, and at the 6-month follow-up. The pretrain and posttrain bars are replots of the mean data from Experiment 2 for the five returning OHI listeners. Word-recognition performance was significantly better on the trained words after 6 mo had lapsed (62.9%) relative to the listeners' initial pretraining performance of 37.6% (p Ͻ 0.05), indicating that some of the effects of training from 6 mo previously had been retained. However, they still performed significantly worse than their maximum performance of 83.5%, obtained at the end of Experiment 2 (p Ͻ 0.05). After the initial baseline testing, listeners were again trained by using Set A, spoken by Female 1. As mentioned previously, the goal was to return the listeners to within the 95% critical difference of their posttraining scores at the end of Experiment 2. Not only did the listeners' perform significantly better than their initial pretraining baseline in Experiment 2, but no more than 1 hour of training (4 blocks of 75 words) was needed to return them to their previous posttraining performance levels. Figure 11 provides the mean data for the untrained YNH group and individual data for the trained OHI listeners for each of the sentence conditions. The data from the untrained YNH listeners indicated no significant difference in the identification rate between the trained words and control words within Sentence Set A or between the untrained words and the control words within Sentence Set B. For the three OHI listeners in Figure 11 who listened to the sentences at 0 dB SNR, no statistical analyses were completed because of the small number of listeners. However, visual inspection of the data suggests no discernible difference in recognition of a trained word versus a control or untrained word embedded in a sentence. Figure 12 shows similar data for the two OHI listeners tested at the same SNR in which they were trained in Experiment 2 (ϩ5 dB SNR). The additional 5 dB improvement to the signal creates a better perceptual match to the YNH listeners, but, once again, the trend shows no improvement in performance for trained words within sentences compared with the untrained and control words. Replication of the sentence testing a second time failed to alter the pattern of results apparent in Figures 11 and 12 .
Procedures
RESULTS AND DISCUSSIONS
The results of this experiment indicate that, on return in 6 mo, the OHI listeners were able to maintain about half of the improvement in performance achieved earlier in training. At the start of the session, most of the listeners commented that they remembered none of the training from 6 mo previously and would probably perform poorly. Although their word-recognition scores at the 6-month follow-up (ϳ60%) did drop significantly from their posttraining scores of Experiment 2 (ϳ80%), their word-recognition scores were still significantly better than on their initial baseline performance (ϳ40%). This may indicate that a short training regimen after the hearing aid fitting may provide long-lasting increases in performance.
Based on the results obtained with the sets of TIMIT sentences, however, training on isolated words did not transfer to fluent speech. This may be due to one of the following reasons. First, the talkers within the sentences were not the same talkers for which training occurred. Although there was generalization to novel talkers when examining isolated words, it may not be appropriate to assume the same for words in sentences. Had the initial words used in the training been extracted from the sentences themselves, perhaps the results may have been different. Regardless, the idea was to train listeners on an isolated word list and then evaluate the 
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EAR & HEARING / JUNE 2006 transfer of this training to sentences used in everyday speech. In this experiment, "everyday speech" was composed of sentence materials spoken by a wide range of talkers. Either of these factors, words versus sentences and narrow versus wide range of talkers, could have hindered the transfer of training. A second possible reason for the lack of transfer of training in this study deals more directly with how listeners recognize speech. That is, do they perceive isolated words in the same way as words presented within a sentence? This issue was discussed by Greenspan, Nusbaum, & Pisoni (1988) , while investigating perceptual learning of words and sentences presented using synthetic speech. Although their study used low-quality synthetic speech, a possible connection could be made between this poor-quality speech signal and the distorted speech signal within noise perceived by OHI listeners. Their results were similar to the data presented here, in that training with isolated phonetically balanced words failed to improve sentence intelligibility. However, when listeners were trained by using synthetic sentences rather than words, improvements were noted for both sentence and isolated word intelligibility. Nygaard & Pisoni (1998) also examined the ability to generalize knowledge acquired from wordbased training to sentences, as well as the ability to improve word-recognition abilities through sentence training. They used natural speech to train listeners to identify talkers of specific speech stimuli. Once again, they found word-recognition performance did improve for words trained and presented in isolation; however, there was a large benefit in sentence transcription only when the listeners were trained specifically with sentences. Unlike the Greenspan et al. (1988) paper, training with sentences did not generalize back to isolated words. More recently, Hirata (2004) trained native English speakers to perceive Japanese vowel and consonant contrasts. In this case, the listeners' performance improved after training whether training was accomplished via words or sentences. However, the data "suggests that, given training in only one context, the degree of generalization to the untrained context was greater for the sentence training than the word training" (pg. 2392).
Several theories of speech perception propose that improvements in the recognition of words presented in isolation should also improve performance for those words in sentences (Greenspan et al., 1988) . However, this was not the case when training using synthetic speech (Greenspan et al., 1988) , normalhearing listeners (Hirata, 2004; Nygaard & Pisoni, 1998) , or when training hearing-impaired listeners by using natural speech within a noise background (this study). These results suggest that a more promising technique may be to train with sentences themselves, similar to synthetic approaches to auditory training.
Because learning in the present study appears to be lexical in nature, another approach may be to train using lexically "hard" words, as identified by using the Neighborhood Activation Model (Luce, & Pisoni, 1998) , presented by multiple talkers. It may be that training using lexically hard words could generalize back to easy words, while also better transferring to sentences. Regardless of the approach, the ideal goal would be to obtain significant improvements in everyday speech communication, including within a background noise, which might be attained within reasonable periods of training and retained indefinitely after training. Several issues arose, based on the results of the previous three experiments, particularly regarding the apparent lexical nature of the training, as well as the degree to which performance on a set of words can be maintained on the introduction of a new set of words.
EXPERIMENT 4
The results from Experiments 2 and 3 suggest that the training effects observed are mediated by the lexical properties of the 75-item word list. One way to further examine this issue was to identify the aspects of the training protocol that helped improve the listeners' word-recognition performance in noise (i.e., the orthographic feedback, the acoustic properties of the words themselves, or simply presenting the list in a closed-set paradigm). Experiment 4 looked at three separate issues: (1) would removing the orthographic feedback have any effect on the closed-set performance over time; (2) would training using an all open-set condition with no feedback (i.e., purely acoustic information) show any increase in performance over time; and (3) once trained on a list of 75 words (Set A), if these lexical items are essentially memorized by the subject, would immediate training on another set of 75 words (Set B) diminish performance for the Set A words, or could the listeners maintain both the previous and newly trained words?
METHODS
The previous three experiments showed similar trends and performance for the YNH and OHI listeners. Thus, YNH listeners were used throughout Experiment 4. All stimuli, equipment, participant selection, and payments were identical to the previous experiments using the YNH listeners.
Procedures
To address the first question regarding the effectiveness of the orthographic feedback, five YNH listeners duplicated Experiment 1 with the trial-totrial orthographic feedback turned off. On completion of the seven training and posttraining evaluation sessions, this group of five listeners was immediately started on a second training protocol using the 75 Set-B words to address the question of retention with an increased memory load or interference of new lexical items with previously learned items. A separate group of four YNH listeners also duplicated Experiment 1 using all open-response training without feedback. This group had no exposure to the lexical items, either through the 75-item response form on the computer screen or through orthographic feedback. For this group, the closed-set baseline testing was also removed to eliminate exposure to lexical information during the training. Figure 13 shows group data for both the listeners who received no orthographic feedback in the closedset condition as well as the group of listeners who received no feedback in an all open-set trainingcondition. Percent correct scores are shown pretraining through posttraining. For the group trained in a closed-set paradigm, the main effect of training block on word-recognition performance (after transformation to RAUs) was significant (F(13,52) ϭ 4.41, p Ͻ 0.05). However, there were no significant differences between the score on training block 1 and each subsequent training block, as identified by a post hoc paired-sample t-tests, using a Bonferroni adjustment for multiple comparisons. Mean word-recognition performance on the trained words improved significantly, by an average of 56.6% (from 22.1 to 78.7%) and 22.6% (from 58.7 to 81.3%) for the openand closed-set conditions, respectively. The untrained (Set B) words showed no significant improvements before training to after training for either the open-set (from 27.2 to 37.3%) or the closed-set (from 66.7 to 74.7%) words. These results were very similar to the improvements shown on the trained words in Experiment 1 (52.5 and 16.7% for the open-and closed-set conditions), using orthographic feedback. In this case, the removal of the trial-to-trial feedback had little effect on the overall improvements shown for the trained words but did limit generalization to untrained words.
RESULTS AND DISCUSSION
The group who received no feedback or lexical information from the printed list (i.e., all open-set) showed less but still significant improvement throughout the training protocol. Although mean open-set word-recognition performance improved significantly from 29 to 43.3% for the trained list, the improvements were much smaller than those groups who received lexical input through the closed-set presentation protocol and orthographic feedback. There was no significant improvement from before training (33.7%) to after training (36.3%) for the untrained words in the open-set condition. This group of listeners did not show a significant main effect of training block on wordrecognition performance (F(13, 39) ϭ 1.03, p Ͼ 0.05). In summary, although this group improved significantly from before training to after training, the overall improvements were smaller than those obtained with feedback, and, there were no improvements (generalization) to the untrained (Set B) words.
The elimination of the feedback from both the open-and closed-set protocol also helped to examine the effect of true training versus procedural learning. As can be seen in Figure 13 , the initial increase in performance from baseline testing to the score obtained on the first block of training, which basically represents immediate or short-term retest, does point to some degree of procedural learning. Word-recognition performance immediately improved by 7% and 9% for the open-and closed-set groups, respectively, on the second block of testing. After the initial increase in performance, a further gain of 7.3% for the open-set group and 13.6% for the 
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EAR & HEARING / JUNE 2006 closed-set group was noted. The initial increase of 7 to 9% is very similar to the acclimatization effect noted for new hearing aid users over time (Turner, Humes, Bentler, & Cox, 1996) . It may be that the acclimatization effect is a consequence of procedural learning rather than true acclimatization. The third question addressed the listener's ability to maintain performance on previously learned words as new words were introduced. The listeners' mean open-set performance on the Set A (trained) words on starting the training protocol for the Set B (untrained) words was 74.7%. After training on the Set B words, the mean posttraining score for the initial trained (Set A) words dropped by only 2.7%, which was not significant (p Ͼ 0.05). In this case, the addition of 75 newly trained words did not significantly diminish performance on the previously learned Set A words, whereas improvements to the newly trained Set B words followed the same trends as the original protocol from Experiment 1.
Experiment 4 demonstrates that repeated exposures to speech stimuli in noise can lead to improved performance in and of itself, but the size of the training or learning effect is enhanced if the subjects are provided with lexical information about the stimulus items. The lexical information can be provided by visualizing the set of possible stimuli or through trial-to-trial orthographic feedback. The ability to effectively train a listener on a greater number of words (up to 150) also enhances the training possibilities by expanding the set of possible words trained without acquisition of the new set interfering with retention of the former set.
GENERAL DISCUSSION
Experiments 1 and 2 examined the efficacy of a word-based auditory training protocol. Both the YNH and OHI listeners were able to improve their closed-and open-set performance substantially through training through repeated presentation of the test words. Although the OHI listeners were able to improve their performance over time in much the same way as that of the YNH listeners, they did need a more advantageous SNR and more training time to do so.
The improved word-recognition performance for the OHI listeners could be explained several ways. As stated previously, the learning seemed to be more lexically based, pointing to a memorization of the trained words as presented by Female Talker 1. This explanation seems reasonable, as the trained word set went from a true open-set, on the first presentation, to what essentially became a closed-set on completion of the training protocol. The positive effects of reduction in set size (in this case from an unlimited open set to a closed set of 75 words) on word-recognition performance are well documented (Miller, Heise, & Lichten, 1951) . However, pure memorization of the words themselves cannot account for the significant (albeit smaller) improvements in open-set performance on the Set B words for the listeners after training. Further, generalization of training to untrained talkers in Experiments 1 and 2 argues that the memorization was lexical rather than acoustic in nature. The learning that takes place is more than likely a combination of the process of lexical memorization and the ability to make use of new acoustic cues through repeated exposures (openset training from Experiment 4). However, the listener's ability to retain a significant amount of knowledge garnered from training for at least 6 mo also points to a process of learning beyond immediate or short-term memorization of the words.
The ability of the OHI listeners to both improve their word-recognition performance in noise while also retaining significant knowledge of their training over extended periods of time, point to auditory training procedures as a potentially viable rehabilitative technique. However, several issues still remain, not only regarding the specific words or talkers best suited for word-based training, but also concerning the lack of transfer to sentences. For example, would training using multiple talkers better generalize to novel words and talkers more so than training using an individual talker? And, if so, is the potentially shorter training time associated with a single talker versus training with multiple talkers a reasonable trade-off (Lively, Logan, & Pisoni, 1993; Lively, Pisoni, Yamada, Tohkura, & Yamada, 1994; Logan, Lively, & Pisoni, 1991) ?
Rehabilitative training procedures have been garnering more interest in recent years, mainly due to technological advances enabling a hearing aid user to accomplish training while at home, using a personal computer. The data discussed in this study represent a preliminary step in the design of wordbased training that ultimately could be produced as either a standardized or individually tailored training protocol. Once again, the major focus of an auditory rehabilitative technique is its ability to generalize to everyday speech. Although word training appears effective at improving recognition of the trained words, it does not appear to be an effective method for improving patients' real-world communication abilities, using sentences. Additional questions must be resolved before a specific auditory training protocol could be recommended. EAR & HEARING, VOL. 27 NO. 3 277
